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Nanoscale materials are a subject of growing interest owing to their unique properties. It has 
been confirmed that the properties of nanoparticles (optical, electronic, magnetic, and 
catalytic) depend strongly on their shape, size, morphology, and chemical surroundings. 
Therefore, the ability to control the uniformity in shape and size is the key to the success of 
studies on nanostructures. Synthesis and applications of Ag nanostructures have become one 
of the highlights in chemistry, materials science and physics. However, the synthesis of 
sphere-shaped Ag nanoparticles is still a challenge because of the uncontrollable nucleation 
of Ag NPs. Furthermore, due to the high reactivity of Ag, its nanoparticles are easily 
oxidized resulting in the formation of many anisotropic structures.  
Surface-Enhanced Raman Spectroscopy (SERS) is a powerful technique and is widely used 
in many fields especially in nanotechnology. The synthesis of uniform and stable substrates 
is very important in optimizing the activity of SERS. However, limitations, such as 
oxidation, contamination and contact of solutions hinder the direct use of many 
nanomaterials. These limitations can be eliminated using intermediate shells or layers 
without altering the properties or decreasing the electromagnetic field of the underneath core. 
The principle of the Shell-Isolated Nanoparticle Enhanced Raman Spectroscopy (SHINERS) 
method, developed by our group, is based on this strategy. By isolating a nanoparticle with 
an ultrathin shell of an inert material, reactions can still be monitored on the surface of the 
isolated particle. Therefore, this method overcomes contamination and has been 
demonstrated to be able to inspect food safety and environment pollutants accurately and 
rapidly.  
We synthesized uniform Ag nanoparticles coated with an ultrathin silica shell using simple 
seed-mediated growth method. Different Ag nanoparticles ranging from 50 to 100 nm were 
obtained using a 12 nm diameter Au core as seed; and characterized by Scanning Electron 
Microscopy (SEM), Ultraviolet Visible Spectroscopy (UV-Vis), High Resolution 
Transmission Electron Microscopy (HRTEM) and X-Ray Photoelectron Spectroscopy 
(XPS). The dependence of the intensity of SERS on particle size was measured using 


















with 100 nm diameter. The electromagnetic field enhancement of the different nanoparticles 
sizes was calculated by the finite-difference time-domain (FDTD) simulation method to 
correlate the size dependent SERS activity. The optimum nanoparticles size found 
experimentally and theoretically was the Au@Ag with the diameter of 100 nm.  
The obtained Ag NPS were then used to synthesize the Shell-Isolated Nanoparticles (SHINs) 
of Ag@SiO2 by coating Ag NPs with an ultrathin shell of SiO2 and characterized again by 
SEM, UV-Vis, HRTEM and XPS. Cyclic Voltammetry (CV) and SERS were used to test 
the pinhole-free character of the SHINs. The ultrathin silica shell without pinholes was 
found to be 2 nm. FDTD calculations were further performed to simulate the effect of the 
silica shell on the electromagnetic field enhancement of the Ag nanoparticles on the smooth 
Au electrode and the effect of the 2 nm silica shell on the enhancement factor was found 
quite negligible. Finally, SHINERS experiment was performed on the adsorption of pyridine 
on the smooth Au electrode and for the detection of methyl parathion on contaminated 
orange fruit. High quality Raman spectra were recorded from pyridine adsorbed on the Au 
electrode and the methyl parathion residues on an orange fruit, which could not be detected 
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种子合成了从 50-100 nm的不同大小的银纳米粒子，并用扫面电化学显微镜（SEM）, 
紫外可见吸收光谱（UV-Vis）, 高倍透射电镜（HRTEM）, X 射线光电子能谱（XPS）
进行了表征。以吡啶作为探针分子，研究了 SERS 强度随着纳米粒子粒径的变化关系，
发现 100 nm左右的银纳米粒子具有最强的 SERS 强度。用三维时域差分理论计算了
不同尺寸的纳米粒子的电磁场增强，以校正 SERS 强度的尺寸效应。理论和实验的结



























CHAPTER 1 INTRODUCTION 
 
Currently, nanoscale materials are a subject of growing interest in many scientific fields. 
The term nanoparticle refers to particles with a size ranging from 1 to 200 nm; their 
synthesis has been intensively pursued because of their physico-chemical properties as well 
as their potential application. Historically nanomaterials have been synthesized since ancient 
times; nevertheless, the major developments within nanoscience have taken place during the 
last three decades. Research in nanomaterials is a multidisciplinary area which involves 
knowledge in as many fields as chemistry, physics, material science and even biology and 
medicine.  
Properties of nanomaterials are different and are even greater than their metal counterparts. 
It is confirmed that the optical, electronic, magnetic, and catalytic properties of nanoparticles 
depend strongly on their shape, size, morphology, and chemical surroundings
 [1]
. Therefore, 
the ability to control the uniformity in shape and size is the key to the success of any 
approach for studying nanostructures. 
The discovery of surface-enhanced Raman spectroscopy in the mid-1970s was a 
breakthrough in the field of surface sciences. It was an important accomplishment since 
SERS could be used as an in situ diagnostic probe for determining the molecular structure 
and orientation of surface species, which is widely applicable to electrochemical, biological 
and other ambient interfaces 
[2]
. However SERS did not develop as expected due to the lack 
of substrates and the non uniformity of the early-used substrates. It was not until the 1990s- 
boosted by the development of nanoscience- that SERS has grown up into a powerful 
diagnostic technique since 1996. More techniques of nanoscience have been used to 
synthesize SERS-related nanostructures, since it has been found that nanostructures 




Optimization of nanostructures used as SERS substrates is important in generating a highest 
SERS activity. Recently, our group developed a method called SHINERS, which can be 


















and characterize Ag@SiO2 nanoparticles that can be used as substrates for the SHINERS 
method.  These substrates can be used as a tool in basic and applied research. 
I.1 NANOSCIENCE AND NANOTECHNOLOGY 
 
The prefix nano- is variously said to derive from greek word „nano‟ or latin „nannus‟, which 
mean dwarf. In the SI system the prefix nano- is a factor of 10
-9
 of an SI unit base.  
Nanoscience is defined as the study of phenomena on the scale of 1-200 nm although the 
range can be extended a little farther. It addresses a number of important issues which can be 
used in development of novel technical applications and materials. When it comes from 
basic science to applications, the term Nanotechnology is used. 
Nanotechnology is the study, control, manipulation and use of objects at nano-scale in order 
to create novel materials that have specific engineering characteristics. Nanotechnology has 
resulted in development of too many disciplines which sometimes do not have too much in 
common. Consequently, the prefix nano- is appearing in front of many traditional fields, 
such as nanochemistry, nanophysics, nanomedicine, etc 
[4]
. Therefore the term 
nanotechnologies can rather be used. Nanotechnologies are now becoming important in 
development of electronic, chemical and biotechnology industries and biomedical fields. But 
one important field in nanotechnology is the synthesis and development of nanomaterials, 
such as Nanoparticles. 
I.2 NANOPARTICLES 
 
Metallic nanoparticles display fascinating properties that are quite different from those of 
individual atoms, surfaces or bulk materials. In addition with the decrease in size, the ratio 
of surface area over volume increases which enhances the properties
 [5]
. They are a focus of 
interest for fundamental science and nowadays they are the subject of intense research effort 
in a range of disciplines. Because of their unique properties, nanoparticles have found a 
wide range of applications, in diverse fields such as in catalysis, SERS and as chemical and 
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